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Chapter - 1 
INTRODUCTION 
The legumes (pulses) belong to the family Fabaceae, 
which Is characterized by having a special kind of fruit, a 
pod that opens along two sutures when the seeds are ripe. 
Legume crops have certain unique features, which make 
them essential and indispensable. Firstly legume crops 
play an important role in the agriculture economy by virtue 
of their ability to fix atmospheric nitrogen in symbiotic 
association with Rhizobium. Thus, it acts in itself as a 
mini-fertilizer factory contributing substantially to the 
enrichment of soil per unit area than is added in the form 
of chemical fertilizers. The second unique feature of 
legume crop is their deep penetrating root system, which 
enables them to utilize the limited available moisture more 
efficiently than any other crop and also loosening the soil 
and making it fit for agriculture. Besides, legume crops 
also play an important role in every day human life. 
Legume crops are highly nutritious. They contain high 
protein contents which are essential for the formation of 
tissues (Pradhan, 1955). They supply not only proteins, 
but also carbohydrates, fats, vitamins and some minerals. 
The immature seeds are also used as vegetable. 
Pulses are of immense importance because of high 
protein contents (17 to 25 percent). They are rich in lysine 
and tryptophane but poor in sulphur containing amino 
acids and thus supplement cereals rich in methionine. The 
combination of two in appropriate quantities provide 
protein with biological value equivalent to skimmed milk 
(Gupta, 1988). With the development of short duration 
varieties in the last two decades the crops like pigeonpea, 
green gram, black gram, cowpea which are relatively non-
spreading and thermo- photoinsensitive have made them 
effectively fit in multiple cropping patterns (Baldev, 1988). 
The availability of pulses in the international market 
is limited. A solution to the problem of the declining per 
capita availability has, therefore, to come from a rapid 
improvement indiagenous production levels. According to 
Swaminathan et al. (1970) pulses occupy a larger part of 
the area (24 million hactares) under cultivation in our 
country but their productivity is low (450 kg/hac). The low 
productivity of pulses is due to the fact that they are 
mostly cultivated under rainfed conditions, highly 
susceptible to pests and diseases such as yellow mosaic 
virus and powdery mildew and take a longer time to 
mature, exposing them to various natural hazards. 
1.1 DESCRIPTION OF PLANT 
Vigna radiata (L.) Wilczek. commonly known as green 
gram (mung bean) belongs to the family Fabaceae, which 
ranks third to gram and red gram. 
Mungbean is grown in almost all the states of India 
and is cultivated mainly as a Kharif crop. It is also grown 
as a Rabi season crop in southern India, where winter is 
mild. During the Rabi season, the crop is cultivated mainly 
in Andhra Pradesh, Bihar, Madhya Pradesh, Orissa and 
Madras. It is also grown as a summer crop in submountain 
regions ano outer ranges of North- West Himalayas. The 
crop ripens in about three months, some early types 
maturing even in 60 days. 
Green pods are consumed as vegetable. Dried and 
green stalk and leaves of green gram are used as fodder. 
Green gram is also eaten as sprouts. The seeds are boiled 
whole or after splitting and eaten as dahl or ground to 
prepare balls, beri, pakori, and papar etc. 
1.2 MEDICINAL VALUE 
(1) It is rich in vitamin B and is regarded as remedy 
for beri-beri 
(2) It is recommended as a medicinal diet in cases 
of flatulence and to the sick. 
Eightynine mungbean cultivars were tested for 
various nutritional components (AVRDC, 1976) 
Nutritional Range (%)of 
Component seed wt. 
Protein 20-26 
Fibre 3-8 
Starch 45-54 
Sugar 4-10 
Ash 3-4 
mg/100g 
Potassium 850-1450 
Sodium 30-170 
Magnesium 65-125 
Phosphorus 280-380 
Calcium 8-0330 
The protein (percent) content and amino-acid make 
up of green gram is given in table (Rao ef a/. 1964) 
Protein contents Amino acid contents 
(Percent) (g/16gN) 
Lysine Cystine Methionine Threonine Tryptophane 
24.0 6.0 0.7 1.1 4.3 0.5 
1.3 IMPORTANCE OF TISSUE CULTURE 
Plant tissue culture has emerged as an important 
branch of plant biology, both for basic and applied plant 
science research and in the present times is an integrated 
part of biotechnology. Major advances have been made 
which have proved invaluable for plant genetic 
manipulation. 
As an applied branch of plant science, plant tissue 
culture has gained profound importance in many ways-
1. The best known aspect of this branch is the testing of 
the plant constituents in laboratory conditions and its 
application in raising different types of plant species. 
2. It is applied to a wide range of biotechnology ventures 
particularly to the propagation and genetic improvement of 
crops. 
3. The problem of self- incompatibility may be overcome 
by this method 
4. The totipotency of pollen grains and other plant parts 
may be utilized in different ways, thus new varieties of 
different crop plants have been introduced in the list of 
crop plants. 
5. Its practical value includes raising haploids, germplasm 
storage, somatic hybridization, production of virus free 
plants and so on soforth. 
6. Moreover, plant regeneration through tissue culture has 
significant advantage as million plants can be regenerated 
from a small tissue throughout the year irrespective of the 
season. Hence the cytogenetic studies got new dimensions 
in the establishment of somaclonal variants. 
7. Grain legumes constitute an important human and 
animal dietary constituent. Seeds of leguminous crop in 
general and grain legumes in particular carry viruses 
internally. Most of the viruses are transmitted either 
mechanically or through insect vector or both. Spread of 
the virus within a growing crop usually results in extensive 
seed quality and yield losses. Since meristem culture 
techniques have proven to be very useful as a tool in 
eliminating viral pathogen from crop plants, the system will 
have applications in eliminating internally seed borne 
viruses from grain legumes. Successful elimination would 
assist in the international exchange of genetic material. 
Moreover, plant meristerm have been identified as 
excellent material for germplasm preservation of both 
vegetatively and seed propagated crop species through 
cryogenic storage. 
Thus considering the importance of legumes it was 
considered worthwhile to investigate Vigna radiata in vitro 
to know the nutritional requirements of cultured explants 
and to obtain multiple shoots from somatic callus because 
reqeneration via somatic callus will be potential attempt 
for producing somaclnal variants and thus improving the 
crop. 


Chapter - 2 
REVIEW OF LITERATURE 
Based on the literature available on pulses grown in India 
and other information concerning grain legumes, tissue culture 
work has been reviewed here under the following broad 
subheads: 
2.1 CULTURE OF LEAF EXPLANTS 
Turetskaya et al. (1976) observed the general and 
specific feature during rhizogenesis of leaf cuttings of the 
kidney bean. Leaf showed a positive reaction of auxin lAA, 
which acts as an induction factor, without which leaf cuttings 
did not form root. Gharyal and Maheshwari (1980) studied the 
response of shoot bud formation and the age of explant in 
mothbean, 8-10 days old leaves caused an optimum of 42 and 
43 shoot buds on MS medium augmented with lAA (1mg/l)+ Kn 
(3,5 mg/l), whereas use of 48-50 days old explants decreased 
the regeneration to 20%. Later in 1983, they reported the 
development of embryoids from Lathyrus leaf callus when grown 
on B-5 basal medium enriched with NAA (2.0 mg/l)+ BAP (0.5 
mg/l). Complete plantlets developed on B5+ IAA(2.0 mg/l)+CM 
(15/V/V). Kumar et al. (1983) reported direct root formation 
from leaf explants of pigeon pea cultured on Blaydes medium 
supplemented with NAA (2 mg/l)+Kn (0.5 mg/l) but when 
cultured on the same medium and supplemented with NAA (0.1 
mg/l) + BAP (0.5 mg/l) + GA3 (0.01 mg/l) shoot buds appeared 
on the leaf explant. Altaf and Ahmad (1986) reported 
regeneration of shoot from leaf callus of chick pea on MS and 
85 medium + IBA 10'^ M + Zeatin 5x10'^ M. Polanco ef al. 
(1988) observed direct root formation from leaf explants of lentil 
on MS/MSB medium augmented with lAA (0.2 mg/l) / NAA 
(0.186 mg/l). Rao and Chopra (1989) emphasized the role of 
2,4-D In the induction of embryoids in MS basal medium 
enriched with 2,4-D ((0.5/1.0 mg/l) +BAP (0.5 mg/l) and 
subsequently transferred on lAA ^0.1/0.5/1.0 mg/l)+ BAP (1/2/3 
mg/l), induced somatic embryos. Response was more 
pronounced when cultures were incubated in dark. Mendoza et 
al. (1992) cultured immature primary leaves of mungbean on 
half and full-strength MS medium supplemented with vitamins 
(50 mg/l), yeast extract (1/2 mg/l), L-proline (0.1-1 mg/l), NAA 
and 6-BA and 3% sucrose, produced soft and friable calli and 
when calli were subcultured on MS basal medium supplemented 
with 6-BA (1 mg/l) shoot regenerated at about 6 -weeks after 
transfer. Thatikunta et al. (1994) reported callusing response 
of leaf explant of pigeon pea.. Leaf segments taken from 7 days 
old seedlings were grown on B-6 basal medium enriched with 
2,4-D, NAA, BAP and Kn induced callusing. Callus response 
was better in NAA+Kn. Leaf callus was white, remained fresh 
for longer time and retained potency through subcultures. 
Ignacimuthu and Arockiasamy (1999) developed a 
protocol for the simultaneous occurrence of organogenesis and 
embryogenesis from Vigna mungo (L.) Hepper. callus. Shoots 
and viable plants of black gram {V. mungo), a recalcitrant 
legume were regenerated from a hard, compact and green 
nodular callus derived from four day old primary leaves. The 
leaves explants comprising 1-2 mm petiole were inoculated on 
MS medium supplemented with 0.5 mg/l lAA and 2.0 mg/l BAP 
for callus induction. The organogenic callusing was observed in 
about 40-45 percent of the cultures within five weeks. The calli 
were then transferred to MS basal medium supplemented with 
0.1 mg/l lAA, 3.0 mg/l BAP and 0.5 mg/l thidiazuron, in which 
regeneration of shoots occurred after five weeks. Development 
of somatic embryos occurred in the same callus after 3 - 5 
weeks when the differentiated calli were transferred to MS 
medium fortified with 1 mg/l GA3 and/or 0.1 mg/l BAP for 
regeneration. Shoot regenerated through somatic 
embryogenesis developed into whole plants on MS basal 
11 
medium. Regenerated shoots via callus were elongated on MS 
medium supplemented with 1.0 mg/l GA3 or 0.1 mg/l BAP and 
rooted at 0.1 mg/l lAA plus 0.134 g/l (NH4)2S04 , which 
developed into phenotypically normal plants. Phogat ef a/. 
(1999) obtained transformed calli of Vigna radiata (L.) Wilczek. 
(mungbean) by cocultivating the primary leaf segments with 
Agrobacterium tumefaciens vir helper strain LBA 4404 
harbouring the binary vector pklWI 105 which carries the 
neomycin phosphotrasferase 11 (npt 11) gene as selection 
marker and p- glucuronidase gene (uid A) as reporter. 
Transformed calli, selected on 100 mg/l kanamycin, exhibited 
p-glucuronidase activity and were found to be resistant upto 
750 mg/l Kanamycin. T-DNA transfer and integration were 
proved by southern hybridization analysis. Two T-DNA copies 
were found to be inserted in one of the transformed calli. 
2.2 CULTURE OF ROOT SEGMENTS 
Root have generally been selected for their anatomical 
uniformity of cells. But being highly differentiated they were 
found u responsive in culture. 
Subramanium et at. (1968) reported callusing in cowpea 
roots when MS basal medium was supplemented with coconut 
milk. Matsubra (1975) reported callusing from root explants of 
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cowpea on LS basal medium supplemented with 2, 4-D (0.5 
mg/1)/ lAA (2.0 mg/1)+ Kn (0.2 mg/1). He reported the growth of 
cowpea root callusi'jas unlimited and vigourous when 1 mg/1 of 
yeast extract was added alongwith 2, 4-D (5 mg/l)+ Kn (0.2 
mg/1). Besides, compounds like nocotinic acid, nicotinamide, 
methyl nicotinate and NAD have been found effective. Whereas, 
pyridine derivatives, vitamins and amino acids tested were 
ineffective or slightly effective. Altaf and Ahmed (1986) studied 
the application of MS/ B5 media in combination with 2, 4-D (10"^ 
M)/ NAA (10® M)+ BA (19'® M 5 x 10"^ M) for the induction of 
callus ^rom root explants of chickpea. Eapen and Gill (1986) 
observed callusing on mothbean root on MS basal medium 
supplemented with 1mg/l each of zeatin/ Kn/ BA/2 
ip.Development of roots and shoots was restricted from the 
callus tissue. Roots and shoots developed directly from root 
explants cultured on MS basal medium supplemented with 
zeatin (1 mg/1, 2mg/l, 5mg/l, 10mg/). Histological examination 
showed shoot buds initiation directly from cortical cells and 
from surface of the callus which had deep vascular connections. 
Later, Chowdhury et al. (1988) reported callusing from root 
explants of mung bean on PC- L2 (V) medium supplemented 
with 2, 4-D (0.5 mg/l)+ NAA (0.5 mg/l)+ BAP (1mg/l). 
Wall and Siddiqui (1999) reported callusing response 
from root explant of Cajanus cajan on MS basal medium 
supplemented with IAA+ BAP+ 2,4-D (0.4 mg/l each)+Thiamine 
+Glycine+ Niacine (0.7 mg/l each).Subsequent transfer to MS + 
Adenine (10 mg/l), resulted proliferation of the callus mass, 
which was pale yellow. This was transferred to MS + Niacine + 
Adenine (10 mg/l each). Green pigmentation appeared after 10 
days of subculturing. Regeneration could not be achieved 
because the callus later turned brown and rendered the cells 
recalcitrant to regenerate. 
2.3 CULTURE OF COTYLEDON/ COTYLEDONARY NODE 
EXPLANTS 
Kanta and Padmanabhan (1964) cultured cotyledonary 
node of pigeon pea. Mostly one or at times two shoots were 
produced by the activation of axillary bud primordia of the 
cotyledonary node when cultured on Nitsch medium containing 
2, 4-D (0.5/ 1.0 mg/l)+ CH (200/ 400/ 500 mg/l). Gosal and 
Bajaj (1979) reported callus formation in chickpea, lentil, 
mungbean and pea cotyledons when cultured on MS basal 
medium augmented with 2, 4-D (2 mg/l). A good growth was 
obtained by subculturing of callus in all the mentioned crops. 
However, regeneration of complete plantlets from callus culture 
14 
appeared to be a problem. Mehta and Mohan Ram (1980) 
obtained 5-35 buds from embryonated cotyledons of pigeon pea 
when cultured on B5 basal medium supplemented with BAP 
(10^ M). Initiation of callus was observed at a few points in 3-4 
weeks and shoot buds appeared from cotyledonary surface at a 
several loci. 
Hanh et al. (1981) observed that use of thin layer of 
winged bean cotyledons, produced adventitious buds when 
cultured on MS basal medium supplemented with lAA (10'^ M)+ 
BA (10"^ M). Kumar et al. (1983) observed callus formation in 
pigeon pea cotyledon cultured on Blaydes medium containing 2, 
4-D (2 mg/l)+ Kn (0.5 mg/l). They observed cotyledon with 
portion of embryos when cultured on Blaydes medium 
supplemented with BAP (2.25mg/l) produced 5-18 shoot buds. 
Godbole et al. (1984) observed shoot formation from cotyledons 
in mothbean, the cotyledons were initially preconditioned by 
growing them on B5 basal medium supplemented with BA (2.25 
mg/l) and subsequently transferred to B5 medium which 
produced in most instances. Later, Mathews and Rao (1994) 
described a method for obtaining more than one seedling per 
seed. It involves excision and isolation of the embryo and of 
both cotyledons followed by culturing them individually on a 
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basal medium. Cotyledon and embryos developed directly into 
complete plants with root. The percentage of the cotyledonary 
plants that developed was inversely proportional to the 
imbibition period of the seed with the highest percentage being 
obtained from seeds imbibed for one day. Normal pod formation 
and seed development was observed in the regenerated plants 
and progenies from these plants were normal. 
Eapen et al. (1986) reported shoot formation from the 
mothbean cotyledons but in a different regime . The cotyledons 
were preconditioned by growing them initially on MS basal 
medium augmented with 2, 4-D/ IAA+ BA/ Kn at 1/2/4 mg/l of 
each and their subsequent transferred to basal medium 
produced shoot. Later, Nag and Sinha (1988) reported the 
formation of shoots form the buds present in the axil of 
cotyledonary node in pigeon pea on B5 basal medium 
supplemented with BAP (5 mg/l). Lazzery ef al. (1988) reported 
somatic embryogenesis in soybean by using immature embryos 
or cotyledons cultured on modified MS medium containing B5 
vitamins and NAA (50 ^iM). The efficiency of embryogenesis 
increased as sugar concentrations decreased from 2 to 1.5%. 
Shri et al. (1992) observed induction of shoot regeneration from 
immature chickpea cotyledons. Immature cotyledons 
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approximately 5 mm long \Nere excised from developing 
embryos and cultured on B5 basal medium supplemented with 
1.5% sucrose and various growth regulators combination. 
Application of 4-6, 13-7 and 45-6 jaM zeatin induced the 
formartion of white cotyledon like structures. (CLS) at the 
proximal end of immature cotyledon on places with adaxial 
surface facing the agar medium. No morphogenesis or 
occational formation of fused,deformed CLS were observed 
when zeatin was replaced with Kn or BA respectively. 
Gulati and Jaiwal (1994) reported direct multiple shoot 
regeneration from cotyledonary node explants of Vigna radiata 
on hormone free basal media. Shoot multiplication was 
influenced by media composition, growth regulators, age of 
donar seedling and explants type. Explants with both 
cotyledons attached to the embryonic axis excised from 4 days 
old seedlings, produced the highest number of shoots (5 or 6) in 
100% of cultures within 2 - weeks on B5 basal medium 
containing BA or iso- pentenyl adenine respectively (at 5 ^^0'^ 
M) and 3% sucrose. Shoot elongation and the number of shoots 
produced increased using BA. Increasing micronutrients, 
carbohydrates and nitrogen levels in the medium above the 
original formulation of B5 did not increase the number of 
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shoots. Rooting of shoots was obtained on MS basal medium or 
MS containing 10"^ M NAA, lAA or IBA. Nodolska- Orczyk et al. 
(1994) reported two ways of the plant regeneration from 
immature cotyledon of pea. Two different systems of plant 
regeneration via organogenesis and embryogenesis from 
immature cotyledons of pea {Pisum sativum L.) were developed. 
The first system was direct multiple shoot regeneration from the 
injured part of cotyledon which is proximal to the embryo axis. 
The second system was somatic embryogenesis, initiating from 
the same part of cotyledon simultaneously with slowly 
proliferating callus. 
Chandra and Pal (1995) reported differential response of 
two cotyledons of Vigna radiata in vitro. They observed that the 
cotyledon closely attached to the embryonic axis (CE) and the 
loosely attached cotyledon (C) from mature seeds showed 
different responses when cultured on MS medium supplemented 
with BA, Kn and Zeatin. Shoots were formed from the proximal 
end of CE and C explants in all the cultures studied. Shoot 
regeneration was faster and regeneration was higher in CE than 
C expants in all the cult ivars. BA was the most suitable 
cytokinin for both multiple shoot induction and regeneration. 
Narciso and Hattori (1995) studied on two types of cell 
masses, namely green and compact (GC) and white and friable 
(WF) which were initiated from a single, indentical callus mass 
of mature cotyledon of mungbean strain IPB 22-117 upon 
subculture. The GC mass was composed mainly of small round, 
closely packed cells while the WF mass comprised mainly 
elongated, loosely packed cells and the occasional big round 
cell. The two types of masses showed differential response in 
suspension culture. The WF mass gave a fine cell suspension in 
L6 medium. Big round cells generally undergo cell division. 
Colony formation was not profuse among elongated cells. 
Narciso et al. (1996) studied on callus induction and 
regeneration in excised cotyledon explant of V. radiata cv. 
PAEC5 seeds were soaked in sterile distilled water for a) 16 h 
or b) 48 h, soaked in sterile distilled water for 16h then placed 
on c) plain agar, d) MS basal medium or e) MS+BAP for 48 h, or 
f) placed on plain agar for 16 h. The culture were incubated 
under full light (50 mol m"^ s""") or low light (8.5 mol m'^ s"^). 
Cotyledons of the preconditioned seeds were excised and 
cultured on MS basal medium, MS+NAA+BAP or B5+NAA+BAP. 
After 3 weeks of culture, a, b, and c had a lower percentage of 
callus formation than the other treatments, except in MS 
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except in MS medium. Treatments d, e and f had the highest 
callus growth ratings, particularly in the BA-supplemented 
media and under low light. Plantlet regeneration in B5 basal 
medium +NAA+BAP was relatively higher than the other 
regeneration media under full light, while MS basal medium and 
MS+NAA+BAP had higher plantlet regeneration under low light. 
In the same year they reported in V.radiata, callus formation at 
three sites: in the peripheral area of the provascular strands 
where the initiation of endogenous callus was noted; at the cut 
portion of the cotyledon where external primary callus 
developed and in the ruptured epidermal layer where the 
primary callus emerged. Callus formation differed at each site. 
Endogenous callus formed due to the rapid cell division of the 
cells in the peripheral zone of the provascular tissue. The 
primary callus from the cut portion of the cotyledon and the 
reptured portion of the epidermal layer were mostly formed out 
of cell enlargement of the parenchymatous cells. Although the 
primary callus cells soon became highly vacuolated, this did not 
contribute to the increase in the callus cell mass. 
Sen and Guha (1998) reported multiple shoot regeneration 
from cotyledon and cotyledonary node explant of six varieties o^  
Vigna mungo and Vigna radiata which have been tested for 
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their morphogeneic potential on media containing a range of 
hormonal combinations including BA, Kn, thidiazuron (TDZ) and 
zeatin. Presence of both the cotyledons, either full or half, 
resulted in a maximum number of shoots produced. Shoot bud 
regeneration was achieved via meristem formation on excised 
cotyledons on Murashige and Skoog's basal medium with B5 
vitamins supplemented with TDZ. Mature plants had normal 
phenotypes. V.mungo var. PS1 and V. radiata var. Pusa 105 
were found to be the most responsive varieties for shoot 
regeneration. Wall and Siddiqui (1999) observed silght callusing 
followed by green pigmentation on MS+IAA+BAP (0.5 mg/l 
each), but no further growth was observed even after 53 days of 
inoculation. The callus was subcultured on MS+IAA+BAP+2,4-D 
(0.4 mg/l each)+ Thiamine+Glycine+Niacine (0.7 mg/l each) for 
its proper growth. Initially, the growth was slow upto 35 days. 
Later, the callus growth was fast. After about 45 days of 
subculturing the size of callus increased remarkably. The colour 
of callus was somewhat white and green. The callus remained 
viable for longer time. 
Hinger and Pareek (1999) reported in vitro induction of 
multiple shoots from cotyledonary nodes of one week old 
aseptically grown seedlings of Vigna mungo var. T-9, PU - 1 9 , 
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PL) 30 on MS basal medium supplemented with different 
concentrations of BAP. Frequency of induction of multiple 
shoots and number of shoots per explant varied with genotype 
and combination growth of regulators in the medium. Addition 
of different concentrations of BAP (0.5,1,3,5 mg/l) to MS 
medium initially induce variable amount of calllus at the base of 
explant, which is followed by proliferation of shoot meristem 
after 14 - 16 days of culture. BAP (1 mg/l) was found optimal for 
inducing multiple shoots (with an average 4.0 shoots per 
explant) in 80% cultures. Addition of auxins did not improve the 
efficacy of BAP for shoot regeneration. Regenerated shoots 
were successfully rooted on MS medium supplemented with IBA 
(1 mg/l). 
2.4 CULTURE OF HYPOCOTYL / STEM EXPLANTS 
Rao and Narayanaswami (1975) observed shoot 
regeneration in pigeon pea when seeds were exposed to 5-kr of 
gamma radiation. They reported (1976) many anatomical 
abnormalities in shoot regeneration from gamma irradiated 
hypocotyl callus cultures of pigeon pea. Haddon and Northcote 
(1976) reported the role of GA3 (30 or 45 ^M) to the B5 medium 
supplemented with NAA (1 mg/l)+Kn (0.2 mg/l), which not only 
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increased the number of root but also cultures producing shoots 
from hypocotyl callus in French bean. 
Reddy and Narayana (1977) observed a four-fold 
proliferation of cowpea callus in five-weeks on white's medium 
containing 2, 4-D (1ppm) and Kn (1 ppm). Later, Ghosh et al. 
(1979) recorded fresh weight of cowpea callus to be 3890 mg/l 
culture at 30 days on MS+2, 4-D (4mg/l)+Kn (0.5 mg/l) when the 
inoculum was irradiated with 5 kr of gamma radiation, the 
amount of callus was increased to 5920 mg/l culture. 
Bottino et al. (1979) reported the induction of roots in 
winged bean from the hypocotyl callus maintained as 
suspensions containing B5+IPA (0.3 mg/l)+NAA (0.1/0.3 mg/l). 
Singh et al. (1982) studied the use of combinations of PGR 
which caused callus initiation in shorter time and better growth 
of cultures. Callus appeared in 8 and 10 days from hypocotyl 
segments of chickpea incubated on B5 medium containing 0.5, 
1.0 and 2 mg/l 2, 4-D respectively, while its combinations with 
0.1 mg/l Kn caused the same reponse in 67 and 8 days 
respectively. Bargava et al. (1983) reported numerous shoot 
buds differentiation from callus cultures of mothbean on MS 
basal medium supplemented with lAA (1 mg/l)+Kn (5 mg/l). 
Bhargava and Chandra (1983) observed numerous shoot buds 
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which differentiated from hypocotyl callus cultures of mothbean 
on MS+ BA (0.4-22.2) nM). 
Sreedhar and Mehta (1984) cultured the hypocotyl 
segments of limabeans which were cut close to cotyledons. 
These segments initiated nodules having vascular elements 
which gradually produced shoot buds. Gowda and Satyan (1988) 
observed axillary bud proliferation in hypocotyl of cowpea 
cultured on MS basal medium supplemented with 2, 4-D (0.1-1.0 
mg/l)+ Kn (1-2 mg/l). Khatoon and Ara (1995) established 
suspension cultures from hypocotyl derived callus of Vigna 
radiata pretreated with adenine sulfate and ammonium sulfate 
which stimulated somatic embryogenesis in addition to root 
morphogenesis. All stages of embryos were produced but shoot 
formation was not observed. Control cultures exhibited rooting 
response only. 
Jaiwal et al. (1998) achieved stable transformation and 
expression of transgenes in mungbean using an Agrobacterium 
rhizogenes-me6\a\e6 system. Seedling hypocotyls, on 
cocultivation with different A. rhizogenes strains containing the 
Ri plasmid and binary vector (pBin 9 GUSint) with neomycin 
phosphotransferase II (npt II) and beta-glucuronidase (GUS; 
with an intron in the coding region) as markers produced roots 
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which showed GUS expression and rapid growth on hormone 
free medium containing 50 mg kanamycin and 500 mg 
cefotaxime / liter. Transformation frequency varied with age of 
explant, duration of pre-induction of explants, cocultivation time 
and medium and concentration and strain of Agrobactericim but 
did not vary too much with genotype. The transgenic roots 
produced calli on callusing medium containing 50 mg kanamycin 
and 500 mg cefotaxime/ litre. Calli espressed both npt II and 
GUS [UidA] genes. Transfer of GUS DNA into the mungbean 
genome was confirmed by southern blot analysis. However, 
neither transgenic roots nor calli could regenerate shoots on B5 
medium supplemented with different cytokinins and auxins alone 
or in combination. 
Eapen et al. (1986) reported callus induction and 
regeneration from mothbean stem explant on inorganic nutrients 
of MS medium and vitamins of Lin and staba's medium devoid 
of phytohormones. However, cultures grown on Kn + 2,4-D, lAA, 
lAA+BAP and IAA+ Kn at various concentration on subsequent 
transfer to basal media showed an enhanced frequency of shoot 
bud differentiation.Cheema & Bawa (1991) reported direct 
multiple shoot regeneration from hypocotyl and stem explant 
(with apex) of pigeon pea {Cajanus cajan) and cotyledonary 
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node and stem explants of cowpea {Vigna unguiculata) on MS 
basal medium supplemented with BAP, Kn and combination of 
NAA with BAP and Kn respectively. The multiple shoots, thus 
obtained were separately raised to form complete plants on 
hormone free medium. Wall and Siddiqui (1999) performed in 
vitro studies on stem explant of C. cajan. Cullusing has been 
induced on MS+IAA+BAP+2,4-D (0.4 mg/l each) + 
Thiamine+Glycine+Niacine (0.7 mg/l each). The 10 weeks old 
stem calli, were subcultured on MS basal medium supplemented 
with Kn (1mg/l)+IAA (0.2mg/l), BA (1 mg/l)+ NAA (0.2 mg/l) and 
BA+NAA (1 mg/l each) for the proliferation of callus and shoot 
bud differentiation. Albeit callus was proliferated significantly, 
but shoot bud differentiation was not observed. 
2.5 CULTURE OF EPICOTYL SEGMENTS 
Hanh et al. (1981) reported that thin layer of epicotyl 
segments of winged bean when cultured to MS basal medium 
supplemented with lAA 10"^ M and BA 10"^M, formed 
adventitious shoot buds. Kumar et al. (1983) observed 
occasional direct regeneration of shoots on Blaydes medium 
supplemented with 2,4-D (2 mg/l)+ Kn (0.5 mg/l) and roots 
within two weeks of inoculation on same medium enriched with 
NAA (2 mg/l)+ Kn (0.5 mg/l) in pigeon pea. 
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Sinha et al. (1983) reported regeneration through epicotyl 
callus cultures of Lathyrus explants on SS-B8+ PCPA (2 
mg/l)+BAP (0.1 mg/l), when subcultured on various media 
produced 10-20 shoot buds/ explants. Incorporation of adenine 
sulfate (10 mg/l) known to have an antagonistic influence on 
auxins and increased the response form shoot buds. Will iams 
and Mc Hughen (1986) reported the epicotyl sections of Lentil 
initiated callus on MS basal medium augmented with Kn (10 
mg/l)+ GA3 (0.1 mg/l) and produced shoots on the same 
medium. Shoots were transferred to sand beds in mist chamber 
for rooting. 
Rao and Chopra (1987) reported that epicotyl explants 
differed in their callusing abilities in the various medium tested. 
Depending on the amount of callus produced B5, MS PC (L)2 
were selected for chickpea epicotyl culture. Thatikunta et al. 
(1994) reported callusing response of epicotyl segments of 
pigeon pea. Epicotyl segment from 7-days old seedling were 
grown on 85 basal medium supplemented with 2, 4-D, NAA, 
BAP and Kn. Callus response was better in NAA+Kn. 
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2.6 CULTURE OF APICAL MERISTEM/ SHOOT MERISTEM / 
SHOOT TIP/ SHOOT APICES 
Bajaj and Dhanju (1979) studied the regeneration of plant 
from apical meristems tips of some legumes. Complete plants 
have been regenerated from exised shoot apices of various 
cultivars of Cicer arietinum, Lens culinaris, Pisum sativum, 
Phaseolus aureus and P. mungo on the various media tested. 
The best growth response and development of plants were 
obtained on MS medium supplemented with lAA (2 mg/l)+ Kn 
(0.5 mg/l). The percentage regeneration of plants was directly 
proportional to the size of the meristem. Gharyal and 
Maheshwari (1980) reported multiple shoot from callus by using 
plant apices explant of Lathyrus cultured on B5 basal medium 
supplemented with lAA (2 mg/l)+ BAP (0.5 mg/l). 
Kartha ef a/. (1981) reported plant regeneration from 
meristem of grain legumes: soybean, cowpea, pea, peanut 
chickpea and bean on agar solidified MS nutrient medium 
supplemented with various concentrations of BA and NAA alone 
or in combination. Soybean plantlets could be regenerated only 
when 0.05 to 0.1 nM BA was applied in conjuction with 1 |iM 
NAA. Cowpea meristems did not require exogenously supplied 
hormone for maximum (100%) plant regeneration to occur. 
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Extremely low levels of BA (0.1 to 0.005 ).iM) in association with 
low levels of NAA (0.05 jiM) also induced plant regeneration at 
very high frequency. Similarly, bean meristem differentiated into 
plantlets on hormone free medium or on medium containing only 
the auxin NAA. Multiple bud regeneration (15 to 30 buds per 
meristem) was induced from bean meristem at high cytokinin 
levels (10 )iM BA). Elongated bean shoots differentiated roots 
on half-strength of MS medium containing 1 nM lAA. Although 
most combinations of BA or BA+ NAA induced shoot 
regeneration from peanut and chickpea meristem, whole plant 
regeneration occurred more frequently (75%) from former only 
when 0.1 j.iM BA was applied in combination with 10 uM NAA. 
Multiple axillary branching occurred from the meristems of all 
these grain legumes were successfully transferred to pot and 
grown to maturity. Singh and Singh (1984) reported promotory 
effect of glutamine, a source of reduced nitrogen on root 
regeneration from callus cultures of Vigna radiata. Later, Gulati 
and Jaiwal (1992) reported in vitro induction of multiple shoots 
and plant regeneration from shoot tips of Vigna radiata. 
Complete plants were regenerated directly without an 
intervening callus phase from shoot tips on basal medium. 
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Regeneration frequency varied with genotype explant size and 
grov^th regulator combinations in the medium. Addition of 
cytokinins induced a variable amount of callus at the base of 
shoot tip followed by multiple shoot formation. BA, Kn and 
zeatin at 5x10"^ M each induced multiple shoots in 100% of the 
explants but the highest number of regenerants per explant was 
produced with BA. The efficiency of BA for shoot multiplication 
was not improved when it was supplemented with NAA or IAA+ 
NAA or adenine sulfate. Rubluo and Kartha (1985) observed 
shoot regeneration in apical meristem explants of Phaseolus 
cultured on MS basal medium supplemented with 10 ^M each of 
BA+ lAA / IBA, 
Williams and Mc Hughen (1986) observed multiple shoot 
regeneration from callus in shoot meristem explants of Lentil 
cultured on MS basal medium enriched with Kn (10 mg/l)+ GA3 
(0.1/1 mg/l). Rao et al. (1988) obtained fluffy and button shaped 
callus from shoot apices of horsegram cultured on MS/ W+ 2,4-
D (1 mg/l) + BA (1 mg/l) which failed to differentiate. Polanco, 
and Ruiz (1997) studied the effect of BAP on the formation of 
roots from lentil shoots regenerated on media containing BAP. 
Shoot tip explant cultured on the initiation media containing 
2.25 or 0.225 mg/l of BAP regenerated multiple shoot buds. The 
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regenerated shoots formed roots in percentages ranging from 
4.6 to 39.9% on a rooting medium (R medium) containing 2 
mg/l of lAA. Rooting success on R medium depended upon the 
cytokinin used in the initiation media, its concentration and the 
time elapsed during shoot formation on these media prior to 
transplanting regenerated shoots to R medium. An in vitro study 
of root growth of lentil seedlings demostrated the strong 
inhibitory effect of BAP on root growth which is reflected in a 
drastic reduction of the mitotic index of the root meristem. 
2.7 CULTURE OF EMBRYOS 
Sharma et al. (1979) cultured mature embryos of 
chickpea on B5 basal medium enriched with 2, 4-D (2 mg/l)/ lAA 
(0.5 mg/l)/ 2, 4-D (0.5 mg/l)+ BAP (1.0 mg/l) produced callus 
and shoots, which were later rooted. Saxena and King (1987) 
obtained shoot from embryo callus on B5+ Adenine+ 2, 4-D (1 
mg/l each). Kumar et al. (1985) cultured immature embryos of 4 
varieties of pigeon pea having age < 11 , 11-14, 15-19 and 
> 19 days on MS/B5 basal medium supplemented with 2, 4-D (1 
mg/l). They reported, (1) percentage plantlet recovery was 
generally highest with 15-19 days old embryos (2) B5 was the 
better medium and (3) ICP-7035 gave marginally better 
response than the other varieties. 
Vaidyanath et al. (1991) reported multiple plantlets from 
the callus of zygotic embryos in pigeon pea. Plantlet 
regeneration from tissue culture of pigeon pea was 
accomplished from immature zygotic embryos. The zygotic 
embryos were dissected from immature two- weeks- old self-
fertilized seed and cultured on L6 medium supplemented with 
2, 4-D (2 mg/l). Among the 4- genotypes (PI. 397039, ICPL-
227, ICPL-239) andC-11) studied, C-11 showed relatively a high 
frequency of somatic embryos. Germination of somatic embryos 
was possible on L6 medium supplemented with 0.5/0.1 mg/l 
NAA or 0.2 mg/l 2,4-D or 0.1 mg/l NAA. 
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Chapter - 3 
MATERIAL AND METHODS 
3.1 PREPARATION OF THE MS MEDIUM (MURASHIGE 
AND SKOOG'S 1962) 
In order to study morphogenetic phenomenon in 
Vigna radiata (L.) Wilczek, Murashige and Skoog's (1962) 
medium was used. The stock solution of major and minor 
salts (lOx) was prepared in double distilled water. All 
sulphates and phosphates especially FeSo4 and EDTA 
were added to the medium at last to avoid precipitation. 
The stock solution was stored in a refrigerator at 10-15°C 
and regularly checked for any precipitation or visible 
contamination and used within a month of its preparation. 
All the chemicals used for the preparation of the MS 
medium were of analytical grade. 
The composition of the medium is as follows; 
Inorganic compounds 
(A) Major salts 
S.No. 
1 
2 
3 
4 
5 
6 
7 
Name of the salts 
NH4N03 
KNO3 
CaCb.2H,0 
MgS04.7H20 
KH,P04 
NasEDTA 
FeS04.7H20 
mg/l (1x) 
1650 
1900 
440 
370 
170 
37.3 
^27.8 
mg/l (10x) 
16500 
19000 
4400 
3700 
1700 
373 
278 
g/l(10x) 
16.50 
19.00 
4.40 
3.70 
1.70 
0.373 
0.278 
(B) Minor salts 
S.No. ] 
8 
9 
10 
11 
12 
13 
i ^^ 
1 
Name of the salts 
H3BO3 
MnS04.4H20 
ZnS04.4H20 
Kl 
Na2Mo04.2H20 
CUSO4.5H2O 
C0CI2.6H2O 
mg/l (1x) 
6.2 
22.3 
8.6 
0.83 
0.25 
0.025 
0.025 
mg/l {10x) 
62 
223 
86 
8.3 
2.5 
0.25 
0.25 
g/ i ( iOx) 
0.062 
0.223 
1 
0.086 
0.0083 
1 
0.0025 
0.00025 
0.00025 
i 
S.No Organic compounds mg/l (1x) 
Myo-lnositol 100 
mg/l ( lOx) ig/l (10x) 
1000 
Thiamine HCI 0.5 
Nicotinic acid 
Pyridoxine HCI 
Glycine 
0.5 
0.5 
20 
0.005 
0.005 
0.005 
0 02 
3.2 PREPARATION OF STOCK SOLUTION FOR 
AUXINS, CYTOKININS AND VITAMINS 
All auxins, cytokinins and vitamins were 
prepared in the form of stock solution (20mg/100ml in 
double distilled water). Auxins and cytokinins were initially 
dissolved in a few drops of absolute alcohol and IN-HCI 
respectively. Vitamins were directly dissolved in double 
distilled water. The stock of auxins, cytokinins and 
vitamins were stored in a refrigerator at 10-15°C. 
For preparing 100 ml of the basal medium, 10 ml MS 
medium (lOx) was taken. This was diluted with 90 ml of 
DDW for maintaining the final volume. The MS medium 
was supplemented with different hormones and vitamins 
singly as well as in combination. 3% sucrose was used as 
a carbohydrate source and 1% agar was used to solidify 
the medium. 
Agar was properly dissolved by boiling till clear 
solution was made to avoid non-solidification of the 
me-^ium. The pH of the medium was adjusted around 5.8 
before being autoclaved. Lastly, dispensed into culture 
tubes and 100 ml conical f lasks, 15 ml of the medium was 
taken in properly labelled culture tubes and about 45 ml 
medium was taken in 100 ml conical flasks. The media 
containing culture tubes and flasks were plugged tightly 
with non-absorbent cotton wrapped in cheese cloth then 
they were kept in autoclave for sterilization at 15 lbs inch'^ 
pressure (121°C temp) for about 20 minutes. 
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After autoclaving, the media containing tubes were 
kept in slanting position and left to cool down for 
solidification of the medium at room temperature. Slanting 
position of the medium is to provide proper nutrients for 
proper growth of cultured explant. Finally it was 
transferred to laminar flow for inoculation. 
MS medium was supplemented with following growth 
regulators and vitamins. For each treatment 10 replicates 
were taken: 
1. MS basal medium devoid of phytohormones (Control) 
2. 2,4-D (1 - 5 mg/l) 
3. NAA (1 - 5 mg/l) 
4. BAP (1 - 5mg/l) 
5. lAA (5 mg/l) 
6. Adenine+ IBA (3mg/l each) 
7. IAA+ Kn (5mg/l each) 
8. Glutamine (5mg/l)+ Thimine (2mg/l) 
9. 2,4-D + NAA(2mg/l each) 
10. 2,4-D (1 - 5mg/l)+Adenine(5mg/I) 
11. 2,4-D (1 - 5mg/l)+ IBA (2mg/l) 
' 2 Kn (5mg/l)+ lAA (3 mg/l) 
13. Kn (5mg/l)+ 2.4-D(3mg/l ) 
14. Kn (5mg/l)+ BAP(3 mg/l) 
15. lAA (1.5 mg/l)+ GA (0.75 mg/l) 
16. Folic acid+ lAA (3 mg/l each) 
17. Folic acid (1 -3 mg/l) + IAA (1.5 mg/l)+ GA (0.75 mg/l) 
18. Glutamine + IPA + Thiamine (5mg/l each) 
19. 2,4-D (1 - 5mg/l)+ BAP+ Adenine (5mg/l each) 
20. 2,4-D(1-5mg/l)+NAA+ Kn (2mg/l each) +Thimine(6mg/I) 
3.3 SEED STERILIZATION 
The certified seeds of Vigna radiata (L.) Wilczek. 
(mung bean) were procured from lARI, New Delhi . Seeds 
of a uniform dimension and colour were selected, surface 
sterilized by using 90% ethyl alcohol just for few seconds 
then rinsed 3 to 4 times with sterilized distilled water. The 
seeds were dipped in 5% teepol solution for about 15 
minutes. This was followed by washing of the seeds 4 to 5 
times with sterilized distilled water. The seed were 
resterilized by using 0 .1% mercuric chloride (HgCl2) 
solution for about 5 minutes followed by washing of the 
seeds 6 to 7 times with sterilized distilled water to remove 
the traces of HgCb- The seeds were then transferred to 
sterilized petridish. The sterilized seeds were inoculated 
on control medium in culture flasks and kept in culture 
room under controlled conditions (12+2 hrs, daily light 
regime 500 lux from fluorescent tubes at 25 to 27°C temp. 
and 50-55% relative humidity). After 2 days of inoculation 
radicle emerged out. Seedlings raised on control medium 
served as the source of explants. One v\/eek old 
germinated aseptic seedlings were used to obtain various 
explants namely, stem, leaf and cotyedon. 
3.4 SERILIZATION OF INSTRUMENTS AND GLASSWARES 
All glasswares were surface sterilized and kept in 
oven prior to use. All dissesction instruments like forceps 
and scalpels were also steri l ized by autoclaving at 15 
lbs/inch^ (121°C) for 20 minutes. During the time of 
inoculation, instruments were not used again without 
resterilization by dipping in rectified spirit followed by 
flaming and dipping in Lysol. 
3.5 INOCULATION 
Before starting inoculation ultra-violet lamps were 
switched on for about 2 hrs. and the inoculation is done in 
an aseptic environment inside a laminar air flow cabinet, 
where the air is constantly replaced by fresh sterilized air. 
The working space inside the laminar flow cabinet is 
swabbed with 70% ethanol before use. During inoculation, 
the neck of the culture tubes is flamed and in quick 
succession, the plug of the culture tube removed, the 
explants like the cotyledon, leaf, and stem raised from 
one-week old aseptic seedlings, were implanted on the 
medium, and the plug replaced. After inoculation the tubes 
containing explants are placed in culture room where 
observations were recorded periodically to obtain results. 
3.6 PRECAUTIONS 
1. Inoculation was done quickly to avoid contamination 
2. The explants should be in contact with the culture 
medium for its proper growth. 
3. During observation of cultured explant culture tubes 
should be handled carefully to avoid fosening of 
cotton plug. This would check the entry of micro-
organism into culture tube/ flask. 

Chapter - 4 
RESULTS AND OBSERVATIONS 
The leaf, cotyledon and stem explants of Vigna radiata were 
taken from one- week-old in vitro raised seedlings (Fig 1) The details of 
the results obtained from leaf, cotyledon and stem explants of Vigna 
radiata are described as follows 
LEAF EXPLANT 
4.1 DIRECT RHIZOGENESIS 
Direct rhizogenesis was obtained from dorsal surface of leaf 
explant on MS basal medium supplemented with lAA (5mg/l) The 
explant was regularly observed to note the changes taking place After 
2 days of inoculation, the explant showed initiation of 2 primary roots 
After 10 days number and size (in length) of roots increased (Fig 2a) 
After 15 days of inoculation length of roots increased considerably (Fig 
2b,c) After one month profuse rooting took place and each root 
developed secondary and tertiary roots (Fig 2d) Roots produced were 
white and thick 
COTYLEDON EXPLANT 
4.2 CALLUSING AND INDIRECT RHIZOGENESIS 
The green cotyledon after being detached from the embryonal 
axis, cultured on MS basal medium supplemented with 2,4-D (3mg/l) 
and NAA+ 2,4-D (2mg/l each), induced callusing only Callus initiation 
started 2 days after inoculation After 13 days or inoculation whole 
cotyledon transformed into whitish green callus which was friable in 
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nature Callusmg response was better in NAA+ 2,4-D (2mg/l each) as 
compared to 2,4-D alone (3 mg/1) (Fig 3a , b) 
The explant cultured on MS basal medium supplemented with 
2,4-D (2mg/l) + BAP (4mg/l) exhibited callusmg on 5^ ^ day after 
inoculation and rhizogenesis was also observed on 15^ ^ day after 
inoculation It was also observed that the length of roots increased 
slightly and measured about 0 2cm in 17 days, but no further growth 
was observed till 23 days The explant (callus with root) was 
subcultured on MS basal medium supplemented with Folic acid + lAA 
(3mg/l each) for further grov^^h Root growth became faster 7 days after 
transfer and each root developed secondary roots after 10 days of 
transfer Roots produced were white and thick (Fig 3c) 
STEM EXPLANT 
4.3 DIRECT REGENERATION 
The stem segments of Vigna radiata from 7 days old aseptic 
seedlings were cultured on Murashige and Skoog's (MS) basal medium 
supplemented with Glutamme + IPA+ Thiamine (5 mg/l each) In this 
medium, after five days of inoculation, the surface of stem segment 
which was facing the medium exhibited slight callusmg followed by 
direct rhizogenesis from cut portion which was not in touch with the 
medium (Fig 4a) The tip region of some roots callused after 8 days of 
initiation The initiation of leaves was observed directly from the cut end 
at another side without showing any visible sign of stem (Figs 4 b c) 
Atter 33 days leaf size increased (Fig 4 d). The roots produced were 
light green, thick and more in number and size (in length) 
In another case, stem segments cultured on MS basal medium 
augmented with Adenine + IBA (3 mg/l each) exhibited direct 
rhizogenesis from internodal region followed by formation of leaves 
directly without showing any visible sign of stem after 5 days of 
inoculation (Fig. 5 a, b) The roots produced were white, thin and less 
in number and size (in length). 
4.4 CALLUS INDUCTION 
For callus induction, stem segments were excised aseptically 
from 7- days old aseptic seedlings and cultured on Murashige and 
Skoog's (MS) basal medium supplemented with various concentrations 
and combinations of auxins, cytokmins and vitamins namely 2 4-D (1-5 
mg/l), NAA (1-5 mg/l),BAP (1-5 mg/l) and 2,4-D (1-5 mg/l) alongwith 
Adenine (5 mg/l), BAP + Adenine (5 mg/l each), IBA (2 mg/l) and NAA + 
Kn (2 mg/l each) + Thiamine (6 mg/l) (Table I & II) 
The callus induction was poor on MS basal medium 
supplemented with 2,4-D (1,4,5 mg/l), NAA (1,2,5 mg/l), BAP (1,5 mg/l), 
2,4-D (1,3,4,5 mg/l) + Adenine (5 mg/l), 2,4-D (1 mg/l) + Adenine + BAP 
(5 mg/l each), 2,4-D (1,2,3,5 mg/l) + IBA (2 mg/l), 2,4-D (1,5 mg/l) + 
NAA + Kn (2 mg/l each) + Thiamine (6 mg/l) (Figs 13 - 19) While 
moderate callus growth was observed on MS basal medium 
supplemented with 2,4-D (2,3 mg/l), NAA (3,4 mg/l), BAP (2, 3, 4 mg/l), 
2,4-D (2 mg/l) + Adenine (5 mg/l), 2,4-D (3,4,5 mg/l) + Adenine + BAP 
(5 mg/l each), 2,4-D (4 mg/l) + IBA (2 mg/l), 2,4-D (3 4 mg/l) + NAA + 
Kn (2 mg/l each) + Thiamine (6 mg/l) (Figs 13-19) However, early and 
good callus response was found to be on 2,4-D (2 mg/l) +BAP + 
Adenine (5 mg/l each) and 2,4-D +NAA+ Kn (2 mg/l each) + Thiamine 
(6 mg/l) (Figs 17,20) Callus induction was observed on stem explants 
after 2-5 days of inoculation Calli obtained in all these combinations 
were yellowish and friable 
4.5 INDIRECT RHIZOGENESIS 
The stem explants cultured on MS basal medium supplemented 
with lAA +Kn (5 mg/ each) exhibited callusing followed by rhizogenesis 
7 days after inoculation The calli obtained on lAA +Kn (5 mg/ each) 
when transferred to MS basal medium supplemented with Glutamme (5 
mg/l)+ Thiamine 2^ 5 mg/l) showed profuse rhizogenesis 5 days after 
subculturing However, the best indirect rhizogenesis was obtained on 
MS basal medium supplemented with Glutamme (5 mg/l)+ Thiamine 
(2 5 mg/l) (Figs 6 a, b ,c) 
4.6 CAULOGENESIS 
The calli obtained on BAP + Adenine (5 mg/l each) + 2 4-D (2 
mg/l) and NAA + Kn + 2,4-D (2 mg/l each) + Thiamine (6 mg/l) when 
subcultured on Kn (5 mg/l ) + lAA (3 mg/l) and Kn (5 mg/l) + 2 4-D (3 
mg/l) showed slight proliferation and became light green in colour 5 
days after subculturing (Fig 7 a , b), while on Kn (5 mg/l) + BAP (3 
4^ ^ 
mg/l) callus slightly proliferated and shows ice crystal- like appearance 
after 5 days of subculturing (Fig. 7 c). In lAA (5 mg/l) the callus showed 
remarkable growth and enlargement within 7 days after transfer 
(Fig. 8 a) and after another two weeks it becomes compact and shows 
light green pigmentation at several loci (Fig. 8 b). 
The callus pieces showing light green pigmentation were excised 
and subcultured on MS basal medium augmented with Folic acid (0 to 3 
mg/l) + lAA (1.5 mg/l) + GA (0.75 mg/l) for shoot bud differentiation 
Without Folic acid and Folic acid (1 mg/l) in combination with lAA (1 5 
mg/l) + GA (0.75 mg/l) (Fig. 20) callus slightly proliferated 5*^  day after 
transfer, but did not show any sign of regeneration. However, Folic acid 
(2 mg/l) in combination with lAA (1.5 mg/l)+ GA (0.75 mg/l) (Fig 20) 
showed slight proliferation followed by single shoot bud initiation only 7 
day after transfer (Fig. 9 a).The leaves enlarged considerably after 15 
days of initiation (Fig. 9 b), but new shoot buds were not observed even 
after 45 days of transfer. Albeit, on medium supplemented with Folic 
acid (3 mg/l)+ lAA (1.5 mg/l)+ GA (0.75 mg/l) (Fig. 20), the callus 
became friable and dark green in colour (Fig. 10 a) followed by multiple 
shoot regeneration and initiation of roots. Initiation of roots occurred 
from callus and not from the shoots Multiple shoot bud initiation 
started 5^ ^ day of transfer and root initiation on ^f^ day of transfer 
However, the root growth was not satisfactory (Figs. 10 b,c , d) 
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4.7 RHIZOGENESIS FROM SHOOTS 
For rhizogenesis single shoots were excised and inoculated on 
lAA (5 mg/l ) The initiation of rooting commenced after 5 days of 
inoculation from the cut end of shoots (Fig 11 a) After 10 days of 
inoculation apical region elongated followed by new root formation 
(Fig 11b) 
4.8 ACCLIMATIZATION OF PLANTLETS 
Rooted plantlets thus obtained were transferred to plastic pots 
containing sterile mixture of soil and soil-rite (3 :1) (Fig. 11c), high 
humidity around the plantlets were maintained by covering them with 
polyethylene bags and kept in grov\4h chamber at 25 ± 2 °C After 15 
days the polyethylene bags were removed, the plantlets were 
successfully transferred to earthen pots containing pure garden soil and 
reared to maturity (Fig 11d). 
Young flower buds appeared after 20*^  day and started blooming 
after 25*^  day of transfer (Fig. 12 a) Pod settings took place on 35'^  day 
(Fig 12 b) On visual screening the plants so denved were found to be 
uniform for morphological characters 
Table-I. Effect of various plant growth regulators used for callus induction form stem explants 
of Vigna radiata. 
S.No. 
1 
2 
3 
"4 
5 
2,4-D 
(mg/l) 
T ~ 
2 
3 
4 
5 
NAA 
(mg/l) 
6 
7 
8 
10 
11 
12 
13 
14 
15 
BAP 
(mg/l) 
j4^ 
5 
1 
2 
3 
4 
5 
)
! 
Callus 
induction 
Started on 
S'^'day 
5^day 
5^day 
5*' day 
5^ ^ d a y ' 
5'' day 
5"" day 
5'^  day 
5"^  day 
5" day 
4'^ day 
4**^  day 
4*^ day 
4*'' day 
4'^ day 
Nature of 
Callus 
Yellow & friable 
1 Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Yellow & friable 
Callus 
response 
c" 
c'^  
C^ ^ 
C^ 
C* 
C^ 
C^ I 
L- C^' 
C^^  
C^ 
c^  
c^ ^ 
c^ ^ 
c^ " 
c^  
C = Poor callus C' '= Moderate callus 
45 
Table-ll. Effect of various plant growth regulators used for callus induction from stem explains of Vigna radiata 
2,4^Dimg/l} 
1 
2 
3 
4 
5 
Adenine 
(5mg/l) 
-
C* 
C " 
c' 
c* 
c* 
Callus induction 
Started on 
4"' day 
4 " day 
4"' day 
4 " day 
4 " day 
Adenine 
+BAP 
(5mg/l each) 
c* 
c** 
c** 
c" 
Callus induction 
Started on 
2"" day 
2"' day 
2"' day 
2"" day 
2" ' day 
IBA 
(2mg/l) 
c* 
c* 
c* 
c" 
Callus 
induction 
Started on 
5'^ day 
5 " day 
5'' day 
5 " day 
5'' day 
NAA+KN(2mg/leach) 
+Thiamine (6mg/l) 
C 
C**' 
C** 
C** 
C* 
Callus 
Induction 
Started 
on 
3"' day 
3' ' day 
3"' day 
3"* day 
3' ' day 
Nature 
of callus 
Yellow 
& 
friable 
Yellow 
& 
friable 
Yellow 
& 
fnable_ 
Yellow 
& 
friable 
Yellow 
& 
friab]e__ 
C^ = Poor callus C^^ = Moderate callus C'^' = Good callus 
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Table -III. 
1 Explants 
Leaf 
Cotyledon 
Stem 
Effects of various PGRs used for regeneration and differentiation from various 
Callus 
Induct ion 
2,4-D(3mg/l), 
NAA+2,4-D 
|2mg/l each} 
2,4-D(1to5 mg/l), 
NAA(1to5 mg/l), 
BAP(1to5 mg/l), 
2,4-D (1to5 mg/l) 
a longwi th adenine 
(5 mg/l), BAP+ 
adenine (5 mg/l 
each),IBA(2mg/l), 
NAA+Kn 
(2mg/l each)+ 
Thiaminej6mg/ I ) 
Callus 
oro l i ferat ion 
Kn(5mg/1)+ 
IAA(3mg/l) 
Kn(5mg/I)+ 
2,4-D(3mg/l) 
Kn(5mq/I)+ 
BAP(3mg/l) 
lAA (5mg/l) 
IAA(1 5mg/l)+ 
GA{.75mg/l) 
PA (1mg/l+IAA 
(1 5mg/l)+ 
GA( 75mg/l) 
Direct 
rh l zoaenes is 
IAA(Smg/l) 
2,4-D(2mg/l) 
+BAP(4mg/l) 
FA+IAA 
(3mq/l each) 
Indirect 
rh i zogenps is 
lAA+Kn (Smq/I 
each) 
Glutamin" (5niq/l)+ 
Thiamine (2 5mq/l) 
Direct 
Glutamine+IPA+ 
Thiamine 
(5mg/ leach) 
Adenlne+IBA 
(3mq/l each) 
Indirect 
regenera t ion 
FA (2mg/l+IAA 
(1 5mg/l)+ 
GA( 75mg/l) 
FA (3mg/l+IAA 
(1 5mg/l) + 
GA( 75mg;i) 
Rhizogenesis 
f rom shoots 
IAA(5mg/l) 
explants of Vigna radiata 
Remark"! 
Profuse root ing 
Friable and whit ish green 
Slight root ing 
Root growth accelerated 
Calli obtained in all these 
combina t ions were ye l low ish 
and fr iable 
Green and friable 
Green and compact 
compact and ice crystal- like appearance 
Calli showed abundant growth 
Roots produced were found to be 
l ight green, thick & more in no 
& size ( in length) 
Roots produced were found to be whi te , 
thin & less in no & size (in length) 
S l ight rh izogenes is 
Pro fuse rh izogenes is 
Cal lus s l ight prol i ferated 
Cal lus sl ight prol i ferated 
Sl ight prol i ferat ion of cal lus fo l lowed by 
single shoot bud init iat ion & enlarge-
ment of leaves 
Friable cal lus turned dark qreen fo l lowed 
by mult iple shoot init iatinn Callu<; 
s h o w e d roo t inq 
Root inq from cut end of the shoots 
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EXPLANATION OF FIGURE -1 
Vigna radiata showing its habit in vitro (seven days old aspectic seedlings 
grown on control medium) 
FIGURE -1 
EXPLANATION OF FIGURE -2 
(a) 10 days old leaf explant showing direct rhizogenesis on MS+1AA (5 mg /1) 
(b) Showing increase in length of roots after 15 days of inoculation on MS+IAA 
(5mg/l) 
(c) Dorsal view showing origin of roots 
(d) Profuse rhizogenesis one month after inoculation Secondary and tertiary roots 
have also developed Roots produced were white and thick 
r - root 
FIGURE -2 
EXPLANATION OF FIGURE -3 
(a) Green cotyledon explant cultu ed on MS+ 2, 4-D (3 mg/l) showing induction of 
whitish green callus 
(b) The explant cultured on MS+ NAA+ 2, 4-D (2mg/l) exhibiting proliferation of 
callus which appeared whitish green 
(C) Callus with root obtained on MS+2,4-D (2 mg/l) + BAP (4mg/l) subcultured on 
MS+ Folic acid + lAA (3 mg/l each) showing faster root growth with secondary 
roots Roots produced were white and thick 
r - root, c - callus 
FIGURE -3 
EXPLANATION OF FIGURE -4 
(a) The stem explant facing the medium exhibited slight callusmg followed by 
direct rhizogenesis from cut end on MS+Glutamme +IPA+Thiamine (5 mg/1 
each) 
(b&c) Initiation of leaves directly from the cut end at another side without show-
ing any visible sign of stem The tip region of some roots showing callus-
mg 
(d) Showing the enlargement of leaves size 
r - root, I - leaf, c - callus 
FIGURE -4 
EXPLANATION OF FIGURE -5 
(a & b) The explant exhibiting direct rhizogenesis from mternodal region followed 
by formation of leaves directly without showing any visible sign of stem on 
MS+Adenme + IBA (3mg/l each) 
r- root I - leaves 
FIGURE - 5 
EXPLANATION OF FIGURE -6 
(a) Profuse rhizogenesis on MS+Glutamme (5 mg/l) + Thiamine (2.5 mg/l) 
(b,c) Profuse rhizogenesis on MS+Glutamine (5mg/l) + Thiamine (2 5 mg/l) (bv) 
r - root, c - callus, bv - bottom viev\/ 
FIGURE -6 
EXPLANATION OF FIGURE -7 
(a) Yellow coloured friable callus subcultured on Kn (5 mg / l)+ lAA (3mg / I) turned 
light green and got proliferated 
(b) Yellow coloured /riable callus subcultured on Kn (5mg /1) + 2,4 - D (3mg /I) showing 
proliferation The light green callus appeared as a compact mass 
(c) Yellow coloured friable callus grown on Kn (5mg / I) + BAP (3mg / l)showing prolif 
eration and compact ice crystal like appearance 
icl - ice crystal like appearance of callus 
FIGURE -7 
EXPLANATION OF FIGURE -8 
(a) Callus grown on MS+IAA (5mg/l) showing remarkable growth and enlarge 
ment within 7 days after transfer 
(b) The callus grown on MS+IAA (5 mg/l) showing green pigmentation at sev-
eral loci after15 days of inoculation 
FIGURE-8 
EXPLANATION OF FIGURE - 9 
(a) Callus grown on MS+Folic acid (2mg/l) + lAA (1 5mg/l)+GA(0 75mg/l)showing slight 
proliferation followed by single shoot bud initiation only on 7th day after transfer 
(b) Enlargement of leaves after 15 days of initiation 
shb - shoot bud, el - enlarged leaves 
FIGURE-9 
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EXPLANATION OF FIGURE -10 
(a) Callus grown on MS+Folic acid (3mg/l) +IAA (1 5mg/l)+GA(0 75mg/l) 
showing friable and dark green pigmentation 
(b c d)Multiple shoot regeneration and initiation of roots on MS+Folic acid 
(3mg/1)+ IAA(1 5 mg/l)+ GA (0 75mg/l) 
r - root sh - shoot 
FIGURE- 10 
EXPLANATION OF FIGURE -11 
(a) Initiation of rooting from cut end of regenerated shoot on MS+ IAA(5mg/l) after 5 
days of inoculation 
(b) Elongation of shoot with formation of new roots after 10 days of inoculation on 
MS+IAA(5mg/l) 
(C) Rooted plantlet transferred to plastic pot containing sterile mixture of soil and soil-
nte (3 1) 
(d) In vitro raised plants transferred to earthen pot containing pure garden soil show 
ing bud formation, 20th day after transfer 
r - root, fb - flower bud 
FIGURE-11 
EXPLANATION OF FIGURE -12 
(a) Acclimatized plant showing blooming of flower, 25 day after transfer 
(b) Acclimatized plant showing pod setting, 35 day after transfer 
fb - flower bud, p - pod 
FIGURE-12 
EXPLANATION OF FIGURE - 13 
Histogram illustrating the callus growth on MS basal medium aug-
mented with various concentrations of 2, 4, D (1-5 mg/l) 
2 
UD 
3 
2,4 -D Concentrations (mg/l) 
FIGURE -13 
EXPLANATION OF FIGURE - 14 
Histogram illustrating the callus growth on MS basal medium aug-
mented with various concentrations of NAA (1-5 mg/l). 
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FIGURE -14 
EXPLANATION OF FIGURE - 15 
Histogram illustrating the callus growth on MS basal medium aug-
mented with various concentrations of BAP ( 1 - 5 mg/l). 
Poor Moderate 
o 
/ 
BAP Concentrations (mg/1) 
FIGURE -15 
EXPLANATION OF FIGURE - 16 
Histogram showing the callus growth on MS basal medium aug-
mented with various concentrations of 2, 4-D (1 - 5 mg/l) in combination 
with Adenine (5 mg/l) 
3 
08 U 
2,4 -D (1-5 mg/l) + Adenine (5 mg/l) 
FIGURE -16 
EXPLANATION OF FIGURE - 17 
Histogram showing the callus growth on MS basal medium aug-
mented with various concentrations of 2, 4-D (1 -5 mg/l) in combination 
with Adenine + BAP (5 mg/l each). 
/ 
2,4 -D (1-5 mg/l) + Adenine + BAP (5mg/I each) 
FIGURE -17 
EXPLANATION OF FIGURE - 18 
Histogram illustrating the callus growth on MS basal medium aug-
mented with various concentrations of 2, 4-D (1 - 5 mg/l) in combination 
with IBA (2 mg/l). 
2 
OA 
s 
2,4 -D (l-5mg/I) + IBA (2mg/l) 
FIGURE -18 
EXPLANATION OF FIGURE - 19 
Histogram illustrating the callus growth on MS basal medium aug-
mented with various concentrations of 2, 4-D (1 - 5 mg/l) in combination 
with NAA + Kn (2 mg/l each) + Thiamine (6 mg/l) 
2 
in 
9 
2,4 -D (l-Smg/l) + NAA + Kn(2 mg/I each) + (6mg/l) 
FIGURE -19 
EXPLANATION OF FIGURE - 20 
Histogram showing the regeneration status of single and multiple 
shoots on MS basal medium supplemented with Folic acid (1 - 3 mg/l) 
in combination with lAA (1 5 mg/l) + GA (0 75 mg/l) 
No shoot ^M Single shoot ^M Multiple shoot 
S 
JO 
u 
s 
<u 
M) 
PC 
Folic acid (1-3 mg/l) + lAA (1.5 mg/l) + GA (0.75 mg/l) 
FIGURE -20 
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Chapter - 5 
DISCUSSION 
The use of the cytokinin BAP has been widespread for the 
induction of organogenesis in legumes and most studies to date 
have used BAP exclusively. A few studies suggest that BAP can 
be the more effective cytokinin, but comprehensive studies 
comparing the effectiveness of BAP to that of other cytokinms 
are lacking in legumes. 
In the most complete evaluations carried out in legume 
tissue culture, the effectiveness of different auxins depend on 
the maturity of the explant tissue which consisted of pea 
leaves (Rubluo ef al. 1984). The youngest leaves responded to 
NAA. lAA and IBA, while leaves of intermediate maturity 
responded to NAA and lAA. The most mature leaves responded 
only to NAA and no leaves responded to 2, 4-D. 
In addition to the type of auxins and cytokinins used, the 
ratio of these growth regulators is important. The conventional 
use of high auxin- cytokinin ratios for root induction, low ratios 
for shoot induction and intermediate ratios for dedifferentiation 
is applicable to legumes. Various auxin to cytokinin ratios have 
been used effectively to induce organogenesis. 
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The intense and systematic efforts in pulses have by and 
large proved them to be refractory or recalcitrant or 
unresponsive to culture. Manipulation of chemical and physical 
environment have only resulted in abundant callus and 
development of roots in many instances. Differentiation of shoot 
buds or embryoids and shoot buds have only been observed in 
a few crops {Vigna aconitifolia, Lathyrus sativus, Lens culinaris 
and Cajanus cajan). 
Three different explants (young leaves, cotyledons and 
stem segments) obtained from one-week old in vitro raised 
aseptic seedlings of V. radiata were successfully cultured on 
MS basal medium supplemented with different concentrations 
and combinations of auxin, cytokinins and vitamins singly as 
well as in combination. 
Direct rhizogenesis from the leaf explants as observed in 
the present investigation on MS basal medium supplemented 
with lAA (5 mg/l) has been elicited earlier by Polanco ef a/. 
(1988) in lentil, wherein leaf explants produced roots on MS 
basal medium containing lAA (2mg/l) and NAA (0.186 mg/l). 
Kumar et al. (1983) also reported similar phenomenon in pigeon 
pea, wherein leaf explant exhibited direct rhizogenesis on B5 
basal medium supplemented with NAA (2 mg/l)+ Kn (0.5 mg/l). 
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Gosal and Bajaj (1979) observed only callus formation m 
chickpea, lentil, mungbean and pea cotyledons on MS basal 
medium supplemented with 2,4-D (2 mg/l). They pointed out 
that regeneration of complete plants from cotyledon callus m 
these crops to be problematic. Kumar et al. (1983) observed 
callusing from cotyledon explants in pigeon pea on Blaydes 
medium supplemented with 2,4-D (2 mg/l)+ Kn (0.5 mg/l) Wall 
and Siddiqui (1999) reported callusing response from cotyledon 
explant of Cajanus cajan on MS basal medium supplemented 
with IAA+ BAP (0.5 mg/l each). Subsequent transfer to MS+ lAA 
+ BAP + 2.4-D (0.4 mg/l each) + Thiamine + Glycine + Niacme 
(0.7 mg/l each) resulted in abundant growth of callus but no 
shoot bud differentiation was observed. 
In the present investigation, the cotyledon explant of 
Vigna radiata exhibited callusing on MS basal medium 
supplemented with NAA+ 2,4-D (2mg/l each) and 2,4-D (3 mg/l) 
alone. Moreover, the addition of BAP (4 mg/l) to 2, 4-D (2 mg/l) 
showed indirect rhizogenesis whereas application of Folic acid 
(3 mg/l) in combination with lAA (3 mg/l) accelerated root 
growth. 
The addition of Glutamine (5 mg/l) alongwith Thiamine 
(2.5 mg/l) showed profuse rhizogenesis from stem explant. 
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Further addit ion of IPA (5 mg/l) in Glutamine + Thiamine (5 mg/l 
each) combination induced both root and shoot formation 
Albeit, indirect rhizogenesis was observed on MS basal medium 
supplemented with IAA+ Kn (5 mg/l each) but a better response 
was observed on MS basal medium supplemented with 
Glutamine + Thiamine and their combination with IPA. 
Singh and Singh (1994) reported promotory effects of 
Glutamine, a source of reduced nitrogen on root regeneration 
from callus cultures of mungbean {Vigna radiata). Glutamine at 
concentrations ranging from 0.5 to 4 mg/l when added to B5 
basal medium containing 2, 4-D (0.05- 0.1 mg/.l) and Kn (0 01-
0.1 mg/l) induced 17-77% increased in fresh and dry weight of 
callus and induced greater root proliferation compared with the 
control in shoot callus tissue. The promotory effects of 
Glutamine was greatest at 0.1 mg/l. Glutamine (1-4 mg/) 
promoted root regeneration in the presence of low 
concentrations of 2, 4-D and Kn . Halperin (1966) reported that 
reduced nitrogen in the form of Ammonium chloride or Amino 
acids including Glutamine suppressed rhizogenesis and 
promoted embryogenesis in carrot {Daucus carota L.) cells in 
vitro. 
S2 
A low concentration of Folic acid (0-1 mg/l) alongwith lAA 
(1.5 mg/l) + GA (0.75 mg/l) did not show any sign of 
regeneration on stem derived callus of \/ radiata but a higher 
concentration of Folic acid (2 mg/l) alongwith lAA (1 5 mg/l) + 
GA (0.75 mg/l) induced a single bud on the callus Moreover, 
multiple shoot buds were induced when concentration of Folic 
acid was increased to 3 mg/l in the same coniposition and 
concentrations 
Eapen et al (1986) reported callus induction and 
regeneration from mothbean stem explant on inorganic nutrients 
of Murashige and skoog medium and vitamins of Lm and 
Staba's medium devoid of phytohormones. However, cultures 
grown on Kn + 2,4-D, lAA, lAA + BAP and lAA + Kn at various 
concentrations on subsequent transfer to basal media showed 
an enhanced frequency of shoot bud differentiation Saunders 
and Bingham (1975) and Walker ef al. (1978) reported shoot 
differentiation only in a hormone- free medium in Medicago 
sativa 
Direct high frequency of multiple shoot regeneration was 
obtained in C cajan and V. unguiculata on Kn alone or in 
combination with NAA (Cheema and Bawa, 1991). Regeneration 
of multiple shoot buds were also observed on BAP containing 
5 j 
medium but the complete plants developed only when BAP was 
omitted from the medium. Likewise high frequency of multiple 
shoots was induced by Godwin et al. (1987) from Stylosanthes 
scabra on BAP containing medium and the plants developed 
only when BAP was omitted from the medium. They pointed out 
that combination of NAA and BAP was found to induce 
condensed shoots from stem explants. Different combinations 
have been employed in inducing plant regeneration in legume 
tissue by many workers (Gregory et al. ,1980, Kameya and 
Widholm ,1981, Mroginski et al. 1981, Mroginski and Kartha 
1981). 
Our results have clearly ind cated that a specific ratio of 
Folic acid was essential for differentiation of shoot buds in 
callus derived from stem explants. This is probably due to the 
differential endogenous levels of phytohormones. Since CEIIUS 
tissues are a source of genetic diversity, regeneration from 
such cells, might help in augmenting the existing gene pool for 
the genetic improvement of this important pulse crop. 
Tissue culture system for legumes have been and continue 
to be developed to meet the challenging demands of plant 
improvement and genetic engineering. 
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Chapter - 6 
SUMMARY AND CONCLUSIONS 
The leaf, cotyledon and stem explants of Vigna 
radiata were taken from one week old in vitro raised 
aseptic seedlings.The basal medium (Murashige and 
Skoog's) supplemented with various concentrations and 
combinations of auxins, cytokinins and vitamins either 
singly or in combination was used. 
Results have been summarized as follows; 
(1) The auxin lAA (5 mg/l) proved to be very effective for 
direct rhizogenesis in leaf explant and excised shoot . 
(2) Inoculated cotyledon explant on 2, 4-D (2 mg/l) 
+ BAP(4 mg/l) exhibited callusing followed by rhizogenesis 
while the application of Folic acid +IAA (3mg/l each) 
increased the rate of root elongation 
(3) The application of Glutamine (5mg/l) in addition to 
Thiamine (2.5mg/l) proved to be better for rhizogenesis In 
stem explants while addition of IPA (5mg/l) to Glutamine+ 
Thiamine (5mg/leach) medium exhibited slight callusing 
from stem surface facing the medium followed by direct 
rhizogenesis from the cut portion which was not in touch 
with the medium. The initiation of leaves was observed 
directly from the surface of the explant without showing 
any visible sign of stem. 
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(4) The roots produced on Glutamine + Thiamine+ IPA 
(5mg/l each) were found to be light green, thick and more 
in number and size (in length), whereas the roots 
produced on Adenine + IBA (3 mg/l each) were found to be 
white, thin and less in number and size (in length). 
(5) For callus induction basal medium (MS) augmented 
with BAP + Adenine (5 mg/l each)+ 2, 4-D (2 mg/l) and 
NAA + Kn+ 2, 4-D (2 mg/l each) + Thiamine (6 mg/l) was 
found to be better whereas basal medium supplemented 
with Kn (5 mg/l)+ lAA (3 mg/l), Kn (5 mg/l)+2, 4-D (3mg/l,) 
Kn (5 mg/l)+ BAP (3mg/l) and lAA alone (5 mg/l) proved 
better for callus growth. However, the response of callus 
induction as well as callus growth varies in various 
hormones. The calli showed variations in colour and 
texture. The calli may be yellow and friable, green and 
friable, green and compact, ice crystal - like structure and 
compact. 
(6) Among various hormones used for callus growth, 
1AA(5 mg/l) was found to be very effective and showed 
remarkable growth and proliferation. 
(7) Response to initiate callus from stem segments 
showed a specific pattern. Callus initiation was observed 
towards both ft^e^'cut ent l^.and subsequently the whole 
I » \cc. N o . . . / •' 
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Stem segment was completely transformed into callus 
mass. Whereas in cotyledon explant the callus appeared to 
be scattered on its surface. Later, whole cotyledon 
transformed into callus mass. 
(8) A low concentration of Folic acid (0-1 mg/l) alongwith 
IAA(1.5 mg/l)+GA (0.75 mg/l) did not show any sign of 
regeneration but high concentration of Folic acid (2 mg/l) 
alongwith lAA (1.5 mg/l)+ GA (0.75 mg/l) induced single 
shoot bud. However multiple shoot buds were induced 
when concentration of Folic acid was increased to 3 mg/l 
in the same composition and concentrations. 
The results have clearly demonstrated that Folic acid 
in higher concentration has increased the rate of 
regeneration while its low concentration has decreased the 
regeneration po.tential. 
(9) Regenerated piantlets were rooted on MS basal 
medium supplemented with lAA (5 mg/l). The shoot with 
proper roots was subsequently transferred to pot for 
acclimatization. On visual screening mature plants so 
derived showed normal phenotype. 
fr 
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FUTURE PLAN OF WORK 
Attempts Will be made to carry out the further work on some 
economic plants The mam objectives of work will be to 
1 Establish a precise protocol for in vitro micropropagation of 
various economically important plants namely, Vigna radiata 
Cajanus cajan, Cassia tora, Mentha piperata and Plantago ovata 
through juvenile as well as mature explants 
2 Establish a suitable protocol for in vitro production of somatic 
embryos which could be converted into synthetic seeds 
3 Establish healthy callus capable of continuous subculture for 
detailed studies on regeneration through somatic embryogenesis 
and caulogenesis 
4 Culture anthers for the production of haploid plants 
5 Select the best suited media for direct and indirect regeneration 
through mature as well as juvenile explants by manipulating the 
hormonal level of the media 
6 Carry out histological study of morphogenic portions 
7 Carry out the cytological analysis of callus mass raised from 
various explants and their regenerants 
8 Transplant the in vitro regenerated plants in the field condition 
"•y 
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